Heuristics involve the ability to utilize memory to make quick judgments by exploiting fundamental cognitive abilities. In the current study we investigated the memory processes that contribute to the recognition heuristic and the fluency heuristic, which are both presumed to capitalize on the byproducts of memory to make quick decisions. In Experiment 1, we used a city-size comparison task while recording event-related potentials (ERPs) to investigate the potential contributions of familiarity and recollection to the 2 heuristics. ERPs were markedly different for recognition heuristic-based decisions and fluency heuristic-based decisions, suggesting a role for familiarity in the recognition heuristic and recollection in the fluency heuristic. In Experiment 2, we coupled the same city-size comparison task with measures of subjective preexperimental memory for each stimulus in the task. Although previous literature suggests the fluency heuristic relies on recognition speed alone, our results suggest differential contributions of recognition speed and recollected knowledge to these decisions, whereas the recognition heuristic relies on familiarity. Based on these results, we created a new theoretical framework that explains decisions attributed to both heuristics based on the underlying memory associated with the choice options.
The study of how people make judgments has often acknowledged a role of memory in shaping these decisions. For example, the fast-and-frugal heuristics research program (e.g., Gigerenzer, 2004) promotes an adaptive toolbox approach, suggesting that the mind has any number of specific heuristic judgment rules it can apply in conditional situations. Some of these heuristics, notably the recognition heuristic and the fluency heuristic, are presumed to rely upon memory processes to make a judgment. The recognition heuristic is said to rely simply on recognition of objects to make quick choices, whereas the fluency heuristic is said to rely on recognition speed, or the speed of retrieval from memory to make choices. However, there has been an underappreciation in the heuristics research program for the specific underlying memory processes that presumably enable these heuristics to function. Likewise, there has been little work done from a memory perspective to extend current theories of memory to heuristic decision making. The current study aims to map the dual-process account of recognition memory (Diana & Reder, 2006; Rugg & Curran, 2007; Wixted, 2007; Yonelinas, 2002) onto the recognition and fluency heuristics.
The recognition heuristic (RH), as coined by Goldstein and Gigerenzer (2002) , was proposed for two-alternative choice tasks where one has to decide which of two items scores higher on a given criterion. A common example is the city-size comparison task (e.g., Dougherty, Franco-Watkins, & Thomas, 2008; Gigerenzer & Goldstein, 1996; Marewski & Schooler, 2011) , where the goal is to judge which of two cities is likely to have more inhabitants. The RH posits that if exactly one of these two cities is recognized, then this city should be inferred to have the higher population. Inherent in the RH's definition is its conditional use-it can only be applied when one item is recognized and one item is not recognized. Consequently, when both items are recognized the decision maker must resort to an alternate strategy (if we adopt the adaptive toolbox approach). The fluency heuristic (FH), as formalized by Schooler and Hertwig (2005) , posits that if both items within a pair are recognized, one should compare the recognition speeds, or retrieval times, of both items and infer that the item retrieved more quickly from memory has the higher criterion value. For instance, if one recognizes both Boston and Tulsa but retrieves Boston more quickly from memory, then the FH posits that Boston should be chosen as being more populous.
Results from behavioral/cognitive, neuropsychological, and neuroimaging studies of human memory increasingly indicate that recognition memory performance reflects two distinct memory processes or types of memory, often referred to as familiarity and recollection (Rugg & Curran, 2007; Rugg & Yonelinas, 2003; Woodruff, Hayama, & Rugg, 2006; Yonelinas, 2002) . Familiaritybased recognition is considered fast-acting, relatively automatic, and does not involve the retrieval of qualitative information about an encoding episode. By contrast, recollection is conceived as a slower, more effortful process that gives rise to conscious retrieval of contextual information from a previously encoded experience. We review the potential contributions of familiarity and recollection to each heuristic.
The Recognition Heuristic
There have been few direct attempts in the literature to parse out the contributions of familiarity and/or recollection to RH-based decisions. However, several theoretical claims surrounding the RH point to familiarity as being the primary mechanism serving the heuristic. Gigerenzer, Hoffrage, and Kleinbölting (1991) claimed that when criterion knowledge is lacking subjects will rely on one of several cues including subjective recognition of an item, which they referred to as the "familiarity cue," implying that simple familiarity could be used to guide judgments. Gigerenzer and Goldstein (1996) later asserted that recognition served as an initial "screening step" prior to searching for knowledge. Based on this assertion, one might suggest from a dualprocess perspective that RH decisions are based on an initial sense of familiarity that precedes recollection of other cues or knowledge. If two items can be dissociated based solely upon their respective familiarities (as should be expected if one item is recognized and the other is completely novel), it would be unnecessary to probe memory for further cues to make a quick choice. Goldstein and Gigerenzer (2002) reconstituted the assertion of RH-based decisions as being guided by a noncompensatory cue-if one item is recognized but not the other, an inference is based exclusively on this binary recognition cue, and all other cue knowledge pertaining to the recognized item is ignored. In contrast, others have inferred that different compensatory or knowledge-based strategies account for people's behavior better than the RH, based on evidence that additional knowledge impacts the rate at which people employ the RH (e.g., Hilbig, Pohl, & Bröder, 2009; Newell & Fernandez, 2006; Pohl, 2006) . However, these experiments were unable to determine if participants were actively using this additional knowledge when making choices. Insofar as additional knowledge can be assumed to be retrieved via recollection, this debate is pertinent to the question of what memory processes are underlying the RH. Proponents of the RH continue to back its noncompensatory nature (e.g., Gigerenzer & Gaissmaier, 2011; Pachur, Todd, Gigerenzer, Schooler, & Goldstein, 2011) , citing among other things that recognition seems to have retrieval primacy compared to other cue knowledge (Pachur & Hertwig, 2006) and that use of recognition in isolation can lead to more accurate inferences than strategies that integrate recognition with further cues (Gigerenzer & Goldstein, 1996) . Marewski, Gaissmaier, Schooler, Goldstein, and Gigerenzer (2010) were the first group to formally test knowledge-based strategies against the RH, and they found that the RH predicted participants' decisions better than knowledge-based strategies. Further, it is likely that any item associated with more additional knowledge is also associated with a greater sense of familiarity. This heightened sense of familiarity could help explain the finding of greater adherence to the RH in cases where additional knowledge was available.
Taken altogether, previous research surrounding the RH has predominantly promoted familiarity as the primary contributor to recognition-based decisions, though few studies have formally placed familiarity within a dual-process account of memory when considering its role.
One exception is Rosburg, Mecklinger, and Frings' (2011) study that used event-related potentials (ERPs) to investigate the underlying memory processes engaged during RH-based decisions. There is an extensive amount of research demonstrating that ERPs are able to dissociate the dual-process contribution of familiarity and recollection to recognition memory (Curran, 2000; Friedman & Johnson, 2000; Opitz & Cornell, 2006; Rugg & Curran, 2007) . Two ERPs that are both temporally and topographically distinct have been specifically associated with familiarity and recollection. Familiar stimuli elicit more positive-going ERP waveforms than unfamiliar stimuli at frontocentral recording sites between 300ms and 500 ms, an effect commonly referred to as the "FN400" (e.g., Curran, 2000) . Recollection is associated with a parietal maximally positive ERP that onsets around 500 ms poststimulus until around 800 ms and has been termed simply the "parietal old/new effect" (e.g., Jäger, Mecklinger, & Kipp, 2006) . Rosburg et al. (2011) endorsed a dual-process familiarity-based approach to the RH that implemented a city-size comparison task while recording ERPs. Cities with previously established recognition rates were paired so that well-known cities were always paired with little-known cities. Their results showed pronounced differences for ERPs in response to well-known and little-known city names during a 300-ms to 450-ms window (roughly corresponding to the FN400) as well as a 450-ms to 600-ms window (roughly corresponding to the parietal old/new effect). These findings suggested that well-known city names elicited both greater familiarity and recollection than less-known city names at pertinent sites. Rosburg et al.' s interpretation emphasizes the significance of FN400 familiarity effects in dissociating recognized from unrecognized cities and their potential usefulness in RH-based decisions. They trained pattern classification models that included the FN400 time window by itself, as well as in addition to the parietal old/new effects window and showed that the classifiers accurately predicted participants' decisions. However, a model consisting solely of the parietal old/new effects time window was not tested, and thus the role of recollection in RH-based decisions is more difficult to ascertain from this experiment.
In summary, multiple theoretical accounts in the literature as well as empirical ERP findings reported by Rosburg et al. (2011) point to a role for familiarity in RH-based decisions. In environments where recognition is correlated with a given criterion (e.g., city population), a sense of familiarity should help guide recognition-based decisions. The existence and active use of recollection during RH-based decisions would challenge the noncompensatory claim of the RH, which asserts that any recollected cue knowledge beyond recognition should not be considered and could imply that alternate knowledge-based strategies are being used.
having experienced the stimuli before. More frequent and meaningful exposure to a stimulus in the environment is said to lead to more fluent processing. For example, researchers have tampered with the previous exposure of certain stimuli to increase the perceived fame of nonfamous names (the false fame effect; Jacoby, Kelley, Brown, & Jasechko, 1989) and the perceived truth of repeated assertions (the reiteration effect; Begg, Anas, & Farinacci, 1992; Hertwig, Gigerenzer, & Hoffrage, 1997) . These researchers predominantly suggested that increasing exposure to a given stimulus increases its familiarity, and thereby its fluency. More recently, however, Kurilla and Westerman (2008) conducted a study that demonstrated that experimentally enhancing perceptual and conceptual fluency reliably increased claims of both familiarity and recollection. So fluency has been shown to influence perceived memory judgments across a multitude of domains.
A problem with this general line of research remains the slippery nature of the word "fluency" and researchers' tendencies to interpret it slightly differently across studies. Fluency has been referred to as "the subjective experience of ease" (Oppenheimer, 2008, p. 237) , "the subjective experience of familiarity" (Kelley & Jacoby, 1998, p. 127) , and "easy or efficient processing" (Whittlesea & Leboe, 2003, p. 63) , among others. The particular understanding we are concerned with is Schooler and Hertwig's (2005) formalization of the FH, where fluency is defined as the time it takes to retrieve a trace from long-term memory, or the speed at which objects are judged to be recognized. Schooler and Hertwig implemented the FH and the RH within the ACT-R cognitive architecture (Anderson et al., 2004) and were therefore able to precisely define retrieval fluency in terms of the time it takes to retrieve a memory "record" (or chunk, to use ACT-R terminology). The FH was assumed to tap indirectly, via retrieval fluency, into the environmental frequency information locked in the chunks' activation values. Retrieval of a record implies recognition of the associated word, or city name, so retrieval is taken to mean recollection of simply the city's name, not necessarily recollection of any associated knowledge pertaining to that city. The ACT-R architecture also allows for positive underlying memory activation of an item that fails to meet a certain "retrieval threshold." This positive activation is necessarily attributable to familiarity, due to a lack of retrieval even for the city's name. It is unclear in this interpretation whether, behaviorally, a presented stimulus could be recognized even if it elicited activation below the retrieval threshold set in the ACT-R model and would thus be considered a positive recognition response attributable solely to familiarity. Marewski and Mehlhorn (2011) later advanced the work integrating the RH and FH within the ACT-R architecture. Importantly, their instantiation of the models assumed that people would first assess recognition of city names, explicitly stated as being synonymous with familiarity, before potentially attempting to retrieve any further cues. Thus, the authors assume familiarity is first assessed before any recollection. Marewski and Mehlhorn tested several additional models that allowed for recollection of further cues, allowing some models to utilize recollection (compensatory models) and instructing others to ignore recollected information (noncompensatory models). There was no large difference in the performance of these models, with both types fitting the human data well. Hertwig, Herzog, Schooler, and Reimer (2008) showed that people's decisions adhered to the FH more frequently when there was a large difference in retrieval fluency between two items. In their review of previous literature, Hertwig et al. abstract across different meanings of the FH and conclude that a resulting conscious experience of familiarity is a core property of the FH. Importantly, Hertwig et al.'s main goal was to advance the idea that decisions could be made, and were indeed made, based on retrieval fluency differences for a pair of objects in a single-cue fashion. So, to the extent that fluency might reference different levels of familiarity, it could be argued that the FH relies indirectly on a familiarity distinction between two objects.
Recent work, however, has called into question the use of the FH versus other knowledge-based strategies that could be used to make the same inferences. Because the FH entails only a conscious assessment of retrieval speeds, any active use of recollected knowledge would allude to use of an alternate strategy. Marewski and Schooler (2011) divided these strategies into two types: decisions based on knowledge about the world, which depend upon the actual content of retrieval, and decisions based on accessibility of memories. Both the RH and FH are considered accessibility-based strategies, because they rely on a byproduct of memory retrieval (i.e., recognition and fluency) to make decisions, ignoring any content of that retrieval. Marewski and Schooler created a new quantitative integrated model within the ACT-R framework incorporating a memory model and time perception model that allowed them to test different types of strategies against each other. The integrated model suggested that not only were knowledge-based strategies more accurate than the FH in situations where both strategies could be applied but that they accounted for peoples' inferences better than the FH. All else being equal, participants would do well to rely on knowledge-based strategies over the FH. Around the same time, Hilbig, Erdfelder, and Pohl (2011) created a multinomial processing tree model, which we discuss below, that suggested people were actually using the FH far less frequently than previously believed.
In summary, literature surrounding the FH implicates familiarity as operating in FH decisions via its influence on fluency. The FH does not allow for use of recollected knowledge, or any information beyond a conscious assessment of retrieval speeds. However, the frequency of utilization of the FH has recently been challenged, and there is evidence that recollected knowledge might be driving decisions previously attributed to the FH.
Modeling the Recognition and Fluency Heuristics
Although Schooler and Hertwig (2005; see also Hertwig et al., 2008) certainly demonstrated that fluency affects judgments, their early experiments were unable to show that participants relied on a fluency cue in isolation when making inferences. However, these same arguments can be made against the noncompensatory claim of the RH. The vast majority of research on both heuristics has relied on adherence rates, or accordance rates, to quantify usage. Adherence rates are calculated as the proportion of a participant's responses that are in line with a certain heuristic (i.e., for the RH, actually choosing the recognized city as being more populous). This calculation results in a biased (though not inconsequential) approximation of a given heuristic's use. Adherence rates are biased because observed choices in line with a heuristic's predicThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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tion cannot imply that this heuristic was actually used (e.g., Fiedler, 2010; Hilbig & Pohl, 2008) . In both the case of the RH and the FH, further knowledge or information that ultimately argued for the chosen item may have been considered. For RH cases where only one item is recognized, any further knowledge available about the recognized object is confounded with its mere recognition during decisions. For FH cases where both items are recognized, further knowledge is confounded with retrieval fluency, and it is probable that more fluently recognized items are also associated with more accessible knowledge. So in both cases adherence rates cannot capture which source of information is contributing to decisions. Hilbig, Erdfelder, and Pohl (2010) created a multinomial processing tree (MPT) model that was able to provide a less biased measure of RH use. Furthermore, Hilbig, Erdfelder, and Pohl (2011) extended the model to incorporate an unbiased measure of FH use in addition to RH use; they coined this model the r-s model (see Figure 1 ). Previous models have been proposed to circumvent Figure 1 . Processing tree representation of the r-s model. Parameters include recognition validity (a), fluency validity (c), knowledge validities (b 1 , b 2 , b 3 ), probability of valid guesses (g), probabilities of using the recognition heuristic (RH; r), and probabilities of using the fluency heuristic (FH; s). Boxes with rounded corners signify latent states. Reprinted from "Fluent, Fast, and Frugal? A Formal Model Evaluation of the Interplay Between Memory, Fluency, and Comparative Judgments," by B. E. Hilbig, E. Erdfelder, and R. F. Pohl, 2011, Journal of Experimental Psychology: Learning, Memory, and Cognition, p. 830 . Copyright 2011 by the American Psychological Association. This document is copyrighted by the American Psychological Association or one of its allied publishers.
the confound between true heuristic use and the use of further cues or knowledge (e.g., Hilbig & Pohl, 2008; Pleskac, 2007) , although most have considered the RH or FH in isolation. The r-s model's ability to handle both RH and FH decisions makes it an ideal vehicle to discuss both heuristics simultaneously. Figure 1 shows the r-s model in its entirety, which consists of four separate trees representing four possible cases: (a) both objects are recognized, and their difference in retrieval fluencies is less than 100 ms ("fluency-homogeneous knowledge cases"), (b) both objects are recognized, and their difference in retrieval fluencies is greater than a threshold (e.g., Ͼ100 ms, "fluencyheterogeneous knowledge cases," corresponding to FH trials), (c) only one object is recognized ("recognition cases," corresponding to RH trials), or (d) neither object is recognized ("guessing cases"). Knowledge cases are divided into fluency-homogeneous and fluency-heterogeneous conditions in accordance with Hertwig et al.'s (2008) finding that retrieval fluency differences below a 100-ms threshold were indistinguishable by participants, and therefore the fluency cue was unavailable in these conditions. Empirically observed judgments for each of these four cases are further categorized as correct or false with respect to the true criterion (e.g., city population), as well as whether a given choice adhered to the applicable heuristic. Taken together, these categories represent 12 observable outcomes (labeled in the right column of Figure 1 ). Using empirical data collected from a heuristic decision making task, it is possible to first test the fit of the model statistically, and then obtain more useful model parameter estimates. The two parameters of greatest interest are the r-parameter (for recognition-based judgments), and s-parameter (for speedbased judgments), which indicate use of the RH and FH, respectively.
Because the r-parameter and s-parameter incorporate extra categorical information that adherence rates do not, it is possible for these estimates to unconfound the actual heuristic cue in question (i.e., recognition or fluency) from further knowledge that might have been used in the decision. It was found that "true" RH use (r-parameter) was approximately 15-20% lower than indicated by traditional adherence rates, whereas "true" FH use (s-parameter) was approximately 40 -50% lower than typical adherence rates (Hilbig, 2010; Hilbig et al., 2010; Hilbig et al., 2011) . Importantly, most data sets tested showed that participants still used the RH a majority of the time, but the FH was being used more sparsely, on about one-fifth of applicable trials. The question remains what memory processes could be playing a role in these decisions formerly attributed to fluency. Any use of additional knowledge to make decisions would not only challenge the implied noncompensatory component of the FH but would perhaps suggest that reliance on further knowledge is a more useful cue than retrieval fluency, thus challenging the viability of the FH as a model of comparative judgments.
A New Memory-Based Theoretical Framework
The fast-and-frugal heuristics research program promotes the use of an "adaptive toolbox," referring to the existence of separate and unique judgment strategies that can only be utilized under conditional circumstances (Gigerenzer, 2004) . The RH requires that only one of two items be recognized in order to be applied to a decision, and the FH requires that both items be recognized in order to be applied. Inherent in these conditions is the understanding of recognition memory as binary-items are either recognized or they are not. Based on our review of the literature, and our subsequent findings reported here, we consider a different approach toward heuristic memory-based decision making.
Following recent work that graphically displays the processes underlying heuristic decision making in a schematic flow chart (Marewski, Pohl, & Vitouch, 2011; Pohl, 2011) , we propose a new theoretical framework (see Figure 2 ) that incorporates the familiarity and recollection processes that comprise dual process theories of recognition memory. This chart has core parallels to both Pohl's (2011) and Marewski et al.'s (2011) flow charts but reworks and expands the decision flow with an emphasis on memory processes guiding decisions. Although this decision flow is partially based on results from the present experiments, it is introduced beforehand to help guide interpretation. First, we assume that if a decision maker has direct knowledge of the decision criterion then they will utilize this information, because availability of this information renders the heuristic unnecessary. Additionally, we assume that the memory-based decision flow is only applied in domains where recognition and knowledge validities are high. That is, memory regarding the given items should be reliably correlated with the decision criterion of interest (e.g., city population). So prior to advancing through the decision flow, a decision maker first assesses if she has direct knowledge of the answer and, if not, assesses if memory (via recognition and further knowledge) is a good indicator of the decision criterion, proceeding through the decision flow if it is deemed so. Although the chosen sequence of steps may appear serial, with the decision maker assessing memory in a step-wise fashion, the flow chart is not intended to rule out modes of parallel processing. Figure 2 . The memory-based decision flow chart. Setting: A pair of items is presented in a forced choice task. In the absence of criterion knowledge, individual decision makers first assess the relative familiarity difference between two items, and then follow the sketched decision flow. The red (rightmost, gray) path represents the most common path for recognition heuristic decisions, and the blue (leftmost, gray) path represents the most common path for fluency heuristic decisions. See the online article for a color version of this figure. This document is copyrighted by the American Psychological Association or one of its allied publishers.
In the first step, decision makers assess the relative familiarity difference between two given items in a forced choice task. If there is a large difference in the familiarity of two items (e.g., one item is well-known and the other has never been seen before), individuals can utilize this familiarity difference to make a choice, simply choosing the more familiar item. This is the path taken by most traditional RH decisions (highlighted in red/gray on the rightmost side of Figure 2 ), due to a necessary difference in familiarities for an unknown item and a recognized item. If there is a relatively small difference in the familiarity of two items, this signal may not be robust enough to make a reliable choice, and individuals must attempt to recollect knowledge-based cues. If recollected cue knowledge is available for at least one item, and this recollected knowledge discriminates between the two items (through content or amount), decision makers can choose the item that their cue knowledge favors. However, if no knowledge is available for either item, or if available knowledge fails to discriminate between items, decision makers can assess their retrieval fluencies. If one item was recognized reliably faster than the other item, decision makers can follow the FH path (highlighted in blue/gray on the leftmost side of Figure 2 ) and choose the more fluently retrieved item. We contend, similar to Marewski and Schooler (2011) , that most FH decisions occur when no knowledge about either item is available, because decision makers are likely to base a decision off of knowledge if it is available. If no discernible fluency difference exists, decision makers resort to guessing.
This decision flow chart prioritizes memory strength differences when determining which decision strategy to apply. By incorporating a dual-process perspective of recognition memory within the decision flow, we can more clearly examine the different memory components at play during heuristic decision making.
The Current Study
In Experiment 1 we collected ERPs while participants performed an adapted version of the city-size comparison task (e.g., Goldstein & Gigerenzer, 2002) in order to investigate the unique roles of familiarity and recollection to the RH and FH. Instead of pairing cities based on a priori recognition rates, as was done by Rosburg et al. (2011) , we coupled the inference task with a recognition test in order to obtain recognition responses unique to each participant for each city included in the experiment. This approach allowed us to measure memory processes directly and on-line during decision making and to examine specific situations where either the RH or FH was supposedly applicable, based on individuals' own recognition responses. In Experiment 2, participants again performed a city-size comparison task, and we collected subjective memory judgments from each participant for each stimulus in the experiment. This information allowed us to classify trials beyond simply RH or FH trials, lending further insight to the potential role of familiarity and recollection in making heuristic decisions.
Experiment 1

Method
Participants. Fifty-nine right-handed participants ranging in age from 18 -29 years took part in the study. Data from 11 participants were excluded due to technical artifacts, incomplete data, or low trial counts (fewer than 15 trials per condition). The remaining 48 subjects used for analyses represented a full counterbalance; 21 were female, and 27 male. Sample size was chosen based on previous recognition memory ERP studies run in our lab but increased to accommodate the between-subjects manipulation of task order which was a counterbalanced nuisance variable that we were concerned may influence the results. The final sample of 48 subjects included four fully counterbalanced sets of 12 participants, with 24 subjects assigned to each task order. Recruited participants were either paid volunteers ($15/hour) or undergraduate students receiving course credit from the University of Colorado. All participants were informed about the procedure and gave their written consent before participating.
Materials and procedure. Each participant performed two computerized tasks while electroencephalogram (EEG) data were recorded: a city/country recognition test and a population inference task. Task order was counterbalanced across subjects, as was order of presentation of cities and countries. Prior to beginning the experiment, each participant completed a 1 min practice session for the population inference task. Stimuli were the same for both tasks: U.S. city and country names displayed in the center of a computer monitor, one at a time. The stimuli that appeared in the practice session did not appear in the actual task.
For the recognition test, participants viewed the 100 most populous cities in the United States and the 100 most populous countries in the world, in addition to 10 fictional cities and 10 fictional countries intended to increase the honesty of responses. For the sake of brevity, in the remainder of this article we refer to both city and country materials under the umbrella of "cities." City names were displayed on the screen one at a time in random order, with separate counterbalanced city and country blocks. Participants were instructed to indicate with a button press, as quickly and accurately as possible, whether they were familiar with each city from prior to the experiment. Stimuli remained on the screen for a minimum of 2 s or until a response was made. If a response was not made within 4 s, a question mark prompt ("?") appeared, encouraging participants to respond. A 1,000-ms interstimulus fixation-cross followed each response before the next city was presented. Left and right response ("yes"/"no") key assignments were counterbalanced. Participants were instructed to use their left and right index fingers to respond. Reaction times were recorded and interpreted as recognition speeds. This practice is common in the literature, but it should be noted that these retrieval speeds are noisy because they also incorporate the time it takes to execute additional processes, such as encoding an item's name and motor response times (e.g., Marewski & Schooler, 2011) . Responses were recorded with response boxes accurate to within 1 ms.
The population inference task closely mirrored the design of Rosburg et al. (2011) , and each participant performed the same task for two conditions: U.S. cities and countries (see Figure 3 for a sample trial sequence). Countries were included in addition to cities in order to increase EEG trial counts while simultaneously decreasing repetition of stimuli. Order of task condition was counterbalanced across participants. Stimuli presented in the inference task were identical to those in the recognition test, with the exception of the fictional city names, which were excluded from the inference task. Each trial consisted of four screens, each This document is copyrighted by the American Psychological Association or one of its allied publishers.
separated by a centered fixation-cross. Finger placement on the keys (left index on top vs. right index on top) was counterbalanced.
In each condition (cities and countries) of the inference task, there were eight blocks of 25 trials for a total of 200 inferences or decisions per condition. Subject-timed breaks occurred after every eight trials. Stimuli were drawn randomly without replacement for the first two blocks (50 inferences), so that every city was shown once. This process repeated for a total of eight blocks for each condition, so that participants viewed each city exactly four times. In rare cases (1.42% of trials/subject on average, SD ϭ 0.56%) the same two cities were paired twice for the same participant, though not frequently enough to impact the results. Participants were allowed to rest halfway through the inference task. Responses were collected while continuous EEG was recorded throughout the task.
EEG/ERP methods. EEG was collected with a 128-channel HydroCel Geodesic Sensor Net connected to AC-coupled, 128-channel, high-input impedance amplifiers (Electrical Geodesics Inc., Eugene, OR). Amplified voltages were digitized at 250 Hz. Individual sensors were adjusted at ϳ20-min intervals until impedances were less than 50 k⍀.
The EEG was digitally low-pass filtered at 40 Hz and high-pass filtered at 0.1 Hz prior to ERP analysis. Trials were discarded from analyses if they contained eye movements (vertical EOG channel differences greater than 70 V) or had more than 20 bad channels (changing more than 100 V between samples, or reaching amplitudes over 200 V). Individual bad channels in trials with less than 20 total bad channels were replaced on a trial-by-trial basis with a spherical spline algorithm (Srinivasan, Nunez, Silberstein, Tucker, & Cadusch, 1996) . EEG was collected with respect to a vertex reference, and ERPs were rereferenced to an average reference. ERPs were baseline corrected to a 200-ms prestimulus recording interval.
Results
Behavioral. Participants recognized on average 76 out of the 100 most populous U.S. cities, and 82 out of the 100 most populous countries. This resulted in an average of 296 inferences/ participant where both cities within a pair were recognized (FH trials), 93 inferences/participant where only one city within a pair was recognized (RH trials), and 11 inferences/participant where neither city was recognized. Additionally, participants on average only claimed to recognize 1.3 out of the 20 fictional cities and countries included in the recognition test, so responses were honest. Because our stimulus set was slightly different than what has traditionally been used in city-size comparison tasks, we first assessed the operational statistics to ensure comparability with previous studies. Effect sizes are reported as Hedge's g for pairwise comparisons, a test statistic similar to but less biased than Cohen's d. The most important factor for determining the usefulness of these two heuristics within a given domain is the strength of the relationship between memory and the criterion of interest (Goldstein & Gigerenzer, 2002; Schooler & Hertwig, 2005) , which for our purposes was population of U.S. cities and countries. To assess this relationship between memory and population we calculated what has been termed the recognition validity for RH cases and the fluency validity for FH cases. Recognition validity is defined as the proportion of RH trials where the recognized city is actually more populous than the unrecognized city, regardless of the participant's decision. Similarly, fluency validity is defined as the proportion of FH trials where the more speedily recognized city is actually more populous than the less speedily recognized city, regardless of the participant's decision. This number also reflects what the participants' highest attainable accuracy would be in the task if they adhered to the heuristic on all trials, and hence assesses the "ecological rationality" of a given heuristic within a certain domain (Goldstein & Gigerenzer, 2002) .
For our stimulus set, the recognition validity (M ϭ .76, SD ϭ .07) and fluency validity (M ϭ .57, SD ϭ .04) were within range of previously reported findings (e.g., Goldstein & Gigerenzer, 2002; Hertwig et al., 2008; Hilbig et al., 2011) , and both were significantly greater than chance-t(47) ϭ 28.1, p Ͻ .0001, g ϭ 3.99; t(47) ϭ 13.0, p Ͻ .0001, g ϭ 1.85; respectively-indicating that recognition was an ecologically rational cue during RH trials, and fluency was an ecologically rational cue during FH trials. Adherence rates were calculated to assess how frequently participants' actual choices were in line with each heuristic's predictions. The RH adherence rate was calculated as the proportion of trials where a recognized city was chosen as being more populous out of a pair consisting of one recognized and one unrecognized city. RH adherence was 89.4%, indicating participants' inferences adhered to the RH at an above-chance level, t(47) ϭ 37.21, p Ͻ .0001, g ϭ 5.29. Likewise, the FH adherence rate was calculated as the proportion of trials where the more quickly recognized city was chosen as more populous out of a pair of two recognized cities. The overall FH adherence rate was 58.8%, significantly above chance, t(47) ϭ 12.14, p Ͻ .0001, g ϭ 1.72. FH adherence rates were also calculated separately for trials with large recognition speed differences (Ͼ400 ms) between two cities within a pair, and trials with small recognition speed differences (Ͻ400 ms) within a pair (following Hertwig et al., 2008; Volz, Schooler, & von Cramon, 2010) . For trials with large differences, FH adherence was 66.9%, significantly above chance, t(47) ϭ 12.86, p Ͻ .0001, g ϭ 1.83. For trials with small differences, FH adherence was 55.8%, also significantly above chance, t(47) ϭ 8.13, p Ͻ This document is copyrighted by the American Psychological Association or one of its allied publishers.
.0001, g ϭ 1.16. Importantly, FH adherence rates were significantly greater for trials with large recognition speed differences compared to trials with small differences, t(47) ϭ 7.89, p Ͻ .0001, g ϭ 1.12. It should also be noted that overall decision times were not analyzed for different conditions. This is because the inference trial sequence necessary to obtain reliable ERPs required sequential presentation of stimuli prior to a decision frame (see Figure 3) , and recorded decision times would not be reflective of actual decision times. Multinomial processing tree analysis. As noted previously, it should be emphasized that although participants' choices may be in line with a given heuristic's prediction, adherence rates alone cannot imply that this heuristic was actually used (e.g., Fiedler, 2010; Hilbig & Pohl, 2008) . Hilbig et al.'s (2011) r-s model, as discussed above, allows for a more complete picture of noncompensatory RH-and FH-use. We applied the r-s model to our data, first by computing the frequency of the 12 observable outcomes across all participants (see Appendix A), and then using standard software for MPT modeling (Moshagen, 2010) to obtain parameter estimates and the overall fit of the r-s model. Forty-eight participants resulted in an aggregate of 19,200 inference trials. Considering the large number of trials and high statistical power for a goodness-of-fit test, the model fit the data well, G 2 (1) ϭ 3.57, p ϭ .06, and was comparable to Hilbig et al.'s original model fit, G 2 (1) ϭ 1.5, p ϭ .22, that contained fewer trials. With over 19,000 observations, the G 2 test has substantially greater power than is typical in categorical frequency data, and even miniscule deviations from the perfect model fit are very likely to be detected. In turn, p Ͼ .05 should be considered a superior fit (it should be noted that for the loglikelihood ratio statistic G 2 larger p-values indicate a better model fit). Parameter estimates are displayed in Table 1 .
Previous literature on heuristic decision making has emphasized the need to assess data on the individual level in addition to the aggregate level, in part because individuals may differ in their use of conditional heuristics (Goldstein & Gigerenzer, 2002; Hertwig et al., 2008; Hilbig & Pohl, 2008, among others) . To test if the reported findings above held on an individual level, we applied the r-s model to each participant's data to obtain individual parameter estimates. Results indicated that the r-s model fit 45 out of the 48 participants' data well (G 2 Ͻ 4, p Ͼ .05), with three participants obtaining a reasonable fit (G 2 Ͻ 6, p Ͼ .01).
The aggregate model-estimated recognition validity (M ϭ .76) was identical to that reported in the observational statistics above (M ϭ .76), and the model-estimated fluency validity (M ϭ .59) was nearly identical to that reported in the observational statistics above (M ϭ .57). The similarity of these validities corroborates the estimates obtained from the r-s model. The two parameter estimates of greatest importance are the probability of RH-use based on recognition alone (r-parameter) and the probability of FH-use based on retrieval fluency, or recognition speed alone (sparameter). According to the r-s model, during RH trials when one city was recognized and the other was not, participants relied on the recognition cue in isolation on 76% (r ϭ .76) of the trials. This estimate is lower than the mean adherence rate reported above (M ϭ .89), though still used on a majority of trials (⌬G 2 ϭ 357, p Ͻ .0001, when fixing r ϭ .50).
For FH trials when both cities were recognized, the s-parameter estimated that participants relied on recognition speed in isolation on only 16% (s ϭ .16) of the trials, much lower than the mean FH adherence rate (M ϭ .59). This estimate also closely replicates Hilbig et al.'s (2011) finding (s ϭ .23), suggesting dramatically reduced reliance on the FH. This result perhaps implies that recollected knowledge is playing a role in decisions that was not previously captured by adherence rates. By setting the s-parameter to a fixed value of .59 in the r-s model and comparing it to the fitted baseline model where s ϭ .16, we can statistically show that reliance on retrieval fluency in isolation for 59% of FH trials is greater than could be reasonably expected (⌬G 2 ϭ 2675, p Ͻ .0001, when fixing s ϭ .59) in the r-s model.
The design of Experiment 1 followed what has been termed a "repeated-set procedure" (Schweickart & Brown, 2014) , such that multiple repetitions of the same stimuli are viewed during the experiment. While the majority of previous studies of the RH have used this design, there are obvious drawbacks. Schweickart and Brown (2014) pointed out that with repetition, participants could create ad hoc cognitive structures that represent the linear ordering of items used in the experiment, in turn relying on these structures to make decisions instead of retrieving information from semantic memory. There is also the concern of preexperimentally unrecognized items becoming more familiar throughout the duration of the experiment. Although our design only consisted of four repetitions per stimulus, as opposed to the common practice of 20ϩ repeti- ERP results. ERPs were only examined during the inference task where participants made population judgments, though responses from the recognition test were used to bin inference trials into different conditions. Based on previous studies that examined the ERP correlates of familiarity and recollection, we selected a priori post stimulus onset time windows of 300 -500 ms (capturing FN00 effects) and 500 -800 ms (capturing parietal old/new effects; Hayama, Johnson, & Rugg, 2008; Rugg & Curran, 2007; Woodruff et al., 2006; among others) . For RH trials, recognized cities were considered "more recognizable" and unrecognized cities were considered "less recognizable." For FH trials, cities with shorter recognition speeds within a pair were considered "more recognizable," and those with longer recognition speeds were considered "less recognizable." In each time window, mean amplitudes were extracted and a 3 (condition: RH, FH Ͻ 400, FH Ͼ 400) ϫ 2 (recognizability: more recognizable, less recognizable) ϫ 2 (posteriority: anterior clusters, posterior clusters) ϫ 2 (laterality: left-hemisphere clusters, right-hemisphere clusters) repeated-measures analysis of variance (ANOVA) was conducted. Greenhouse-Geisser correction for nonsphericity was applied when necessary. Task order was included as a between-subjects variable but did not reach significance in any analyses. Condition in the inference task was broken down to RH trials, FH trials with small reaction time differences (Ͻ400 ms), and FH trials with large reaction time differences (Ͼ400 ms).
Four regions of interest (ROIs) were selected for analysis based on those used in other studies (e.g., Curran, 2004; Curran, DeBuse, & Leynes, 2007; Curran & Friedman, 2004; Mollison & Curran, 2012) , each composed of an average of seven electrodes (see Figure 4 ). The regions of interest (ROIs) were labeled as follows: left anterior-superior ϭ LAS, right anterior-superior ϭ RAS, left posterior-superior ϭ LPS, right posterior-superior ϭ RPS. Figure  5 shows plots of grand average ERPs of the four ROIs for the three conditions (RH, FH Ͻ 400, FH Ͼ 400). Figure 6 shows corresponding topographic plots of the entire scalp for all three conditions (RH, FH Ͻ 400, FH Ͼ 400) at the early (300 -500 ms) and late (500 -800 ms) time windows.
Only relevant and/or significant main effects and interactions resulting from the ANOVAs are reported. The reported analyses were limited to adherent trials, where participants' decisions were in line with the given heuristic's prediction. Separate analysis of nonadherent trials was run on a subset of participants with satisfactory EEG trial counts, but a statistical analysis of these trials resulted in no ERP FN400 or parietal old/new effects. 300 -500 ms. The ANOVA for the time window corresponding to the FN400 (300 -500 ms) revealed a significant three-way interaction between condition, recognizability, and posteriority, F(2, 94) ϭ 4.04, p ϭ .021, p 2 ϭ .08, such that there was only a two-way condition by recognizability interaction present for the anterior ROIs, F(2, 94) ϭ 6.37, p ϭ .003, p 2 ϭ .12, consistent with the typical anterior distribution of the FN400. Within the anterior ROIs, only the RH condition yielded a significant effect of recognizability, such that ERPs in response to unrecognized cities within a pair were significantly more negative than those in response to recognized cities, t(95) ϭ Ϫ3.92, p Ͻ .001, g ϭ Ϫ0.45. This result is consistent with greater familiarity for recognized compared to unrecognized stimuli during RH-based decisions.
500 -800 ms. The ANOVA for the time window corresponding to parietal old/new effects (500 -800 ms) revealed a significant three-way interaction between condition, recognizability, and pos- This document is copyrighted by the American Psychological Association or one of its allied publishers.
teriority, F(2, 94) ϭ 7.56, p ϭ .001, p 2 ϭ .14, such that there was only a two-way recognizability by posteriority interaction present for the FH large difference (Ͼ400 ms) condition, F(1, 47) ϭ 23.6, p Ͻ .0001, p 2 ϭ .33. Within the FH large difference (Ͼ400 ms) condition, only the posterior ROIs yielded a significant effect of recognizability (consistent with the typical posterior distribution of the parietal old/new effects), such that posterior ERPs in response to faster (more fluently) recognized cities within a pair were significantly more positive than ERPs in response to slower recognized cities, t(95) ϭ Ϫ4.41, p Ͻ .0001, g ϭ Ϫ0.50. This result is consistent with greater recollection for faster recognized cities compared to slower recognized cities during FH trials with large recognition speed differences. 300 -800 ms. To examine possible differences between the early and late time windows, an ANOVA was conducted including the early and late time windows as an additional two-level independent variable. Because the FH small difference (Ͻ400 ms) condition yielded no significant results in the above analyses, this condition was eliminated for this analysis.
There was a marginally significant four-way interaction between condition, time window, recognizability, and posteriority, F(1, 47) ϭ 4.04, p ϭ .05, p 2 ϭ .08. This four-way interaction would potentially doubly dissociate familiarity at the early time window during RH trials at anterior electrode sites, and recollection at the late time window during FH trials (Ͼ400 ms) at posterior electrode sites. Potentially holding back this dissociation is the finding that at posterior sites, faster recognized cities in the FH (Ͼ400 ms) condition are significantly more positive than slower recognized cities during the early time window, t(95) ϭ Ϫ3.30, p ϭ .002, g ϭ Ϫ0.38 (see Figure 6 , upper right), as well as the late time window (Figure 6 , lower right). In other words, the fluency-related parietal recollection effects may have started earlier in this experiment than is typical for recollection effects to start in recognition memory experiments.
Discussion
Experiment 1 implemented a city-size comparison task to investigate the impact of recognition memory on heuristic decision making. We sought to replicate Rosburg et al.'s (2011) finding of greater familiarity for recognized compared to unrecognized cities, as indexed by more positive FN400 effects for recognized cities. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Because a recognized and an unrecognized city should be strongly dissociable based on familiarity alone, we predicted it would be unnecessary to retrieve further knowledge about the recognized city, and thus parietal old/new effects (thought to index recollection) may be indistinguishable between these cities. This prediction is compatible with the noncompensatory claim of the RH, such that decisions would be based solely on an early familiarity signal without consideration of further recollected knowledge. The ERP results supported these predictions, as FN400 effects at anterior sites were significantly more positive for recognized compared to unrecognized cities while parietal old/new effects at posterior sites did not differ between recognized and unrecognized cities. These findings are consistent with the framing of the RH as a fast, less-is-more, noncompensatory decision mechanism. As suggested by Goldstein and Gigerenzer (2002) , recognition, or more specifically familiarity, appears to serve as an initial screening step that can be used to differentiate two items. Because RH trials necessitate a certain level of disparity in subjective memory between two items (one must be recognized to some degree and one must not), the majority of RH trials would flow down the right arm of our decision flow chart (see Figure 2 , highlighted in red/gray on the rightmost side) corresponding to large familiarity differences. If two items are deemed reliably dissociable based solely on familiarity, it seems logical that search for further cue knowledge (via recollection) may be abandoned and a decision made efficiently based on familiarity. Goldstein and Gigerenzer claimed that further cue knowledge would only be searched for if both objects in a decision frame were recognized (to a certain degree); a condition that would permit use of the FH but not the RH by their traditional definitions.
For FH-applicable trials in Experiment 1 (i.e., both cities were recognized) when there was a small recognition speed difference between cities, we predicted and found indistinguishable FN400 and parietal old/new effects. Based on their similar retrieval fluencies, these cities should be comparable in terms of how familiar they are as well as how much recollected cue knowledge they elicit. The FH is not typically an advantageous decision-making strategy in this situation due to the similar fluency values, and previous studies have found that people adhere less frequently to the FH in these cases (Hertwig et al., 2008; Schooler & Hertwig, 2005) . These trials are likely predominantly guided by guessing or other strategies.
For FH-applicable trials in Experiment 1 with a large recognition speed difference between two recognized cities, there was no significant FN400 difference between faster recognized and slower recognized cities at anterior sites, implying similar levels of familiarity for the two cities. However, we did find significantly greater parietal old/new effects at posterior sites for faster recognized cities than slower recognized cities within a pair, suggesting greater recollection for more quickly retrieved cities. These results are consistent with the perspective that when both cities are associated with some intermediate level of recognition (FH trials), the corresponding familiarities encompass a smaller range of memory activation than in cases where only one city is associated with some level of recognition (RH trials; e.g., Hertwig et al., 2008; Hilbig et al., 2011) . In instances where two cities are recognized, familiarity alone might often not be robust enough to dissociate faster recognized cities from slower recognized cities, and participants may then turn to recollected knowledge to make decisions.
These ERP results are inconsistent with the notion that FH decisions are based on a familiarity comparison, instead alluding to a role for recollection in determining population inferences. Because both cities within these large (Ͼ400 ms) recognition speed difference trials are necessarily associated with an intermediate level of recognition, they should have similar familiarities relative to RH trials and should predominantly follow the left branch of our decision flow chart (see Figure 2 ) associated with a small familiarity difference between cities. If cue knowledge exists for either of the cities presented, participants could use this recollection as a decision cue if available knowledge discriminates between the two cities. According to our ERP results, more quickly recognized cities are associated with greater recollection, which could provide knowledge-based cues relevant to a city's population. If no such knowledge exists for either city, or if available knowledge for one city is not distinguishably greater in terms of content or amount than the other city, participants can turn to retrieval fluency to guide decisions. At this point, it is clear that no direct memory cues exist upon which to base a decision. In turning to the FH (see Figure 2 , blue/gray highlighted path on the leftmost side), participants can rely on a byproduct of memory (retrieval fluency) only if the difference in retrieval fluencies between the cities is distinguishable (see Hertwig et al., 2008) . However, because inferences at this step of the decision flow will necessarily be associated with a small familiarity difference, it is likely that the retrieval fluencies for the two cities will be similar as well, limiting the usefulness of the FH. In situations where participants cannot reliably discriminate between retrieval fluencies, they can resort to guessing.
Taken together, our results corroborate existing perspectives of the RH and provide unique evidence for its assertion as a non- Figure 6 . Topographic maps of voltage amplitude differences across the entire scalp. The left column shows recognition heuristic trials (RH): Activation for unrecognized cities is subtracted from recognized cities (R-NR) for the early time window associated with familiarity (300 -500 ms) and the late time window associated with recollection (500 -800 ms). The middle column shows activation differences for fluency heuristic trials with a small recognition speed difference (FH Small): the city with a longer reaction time within a pair subtracted from the city with a shorter reaction time within a pair. The right column shows activation differences for fluency heuristic trials with a large recognition speed difference (FH Large): the city with a longer reaction time within a pair subtracted from the city with a shorter reaction time within a pair. Red (light gray) regions indicate greater amplitudes for well-known cities within a pair, and blue regions (dark gray) indicate greater amplitudes for the lesser-known cities within a pair. See the online article for a color version of this figure.
This document is copyrighted by the American Psychological Association or one of its allied publishers.
compensatory mechanism. Additionally, the existence of parietal old/new effects during FH trials provides novel evidence in support of potential knowledge-based strategies at work during supposed FH-based decisions (Marewski & Schooler, 2011) , and the lack of FN400 effects undermines a potential role for familiarity during these decisions.
Experiment 2
Although our results from Experiment 1 suggest RH-based decisions are based solely on the familiarity component of recognition memory, our observation of FN400 and parietal old/new ERP effects was not coupled with behavioral measures of familiarity and recollection. This interpretation therefore hinges on a reverse inference problem. Although we had reason to expect familiarity to be operative during heuristic decision making, as Paller, Lucas, and Voss (2012) pointed out in their critique of Rosburg et al. (2011) , it would be presumptuous to conclude that familiarity (and recollection) are contributing to decisions based on ERP evidence alone. FN400 signals, they note, may indicate only one possible familiarity source, not familiarity itself.
In Experiment 2, we attempt to alleviate some of these concerns by collecting behavioral measures of familiarity and recollection for all of the same stimuli used in Experiment 1. By directly gauging participants' assessments of their explicit memory for presented stimuli, we can utilize converging methods to better estimate the use of familiarity and recollection during heuristic decision making.
An initial question to consider is how recollection might be related to the speed at which an item is recognized or retrieved from memory-its retrieval fluency. Research implementing the RH and FH into the ACT-R cognitive architecture has typically assumed that the more quickly an item is retrieved, the greater the sense of recognition and ease of retrieval (Anderson, Bothell, Lebiere, & Matessa, 1998; Marewski & Schooler, 2011; Schooler & Hertwig, 2005) . In support of this assumption, Hertwig et al. (2008) conducted an experiment that showed that reaction times in a recognition test were shorter for more populous cities, perhaps indicating that more well-known cities are associated with faster retrieval fluencies. Our ERP results suggest that two recognized cities associated with largely different recognition speeds differ on the basis of recollection. Thus, it seems likely that cities associated with greater recollection are also more fluently retrieved. In this way, retrieval fluency may be negatively correlated and confounded with recollection, making it difficult to determine which cue participants are utilizing when making population decisions -recognition speed or recollected cue knowledge.
Experiment 2 aims to answer some of the questions surrounding retrieval fluency, familiarity, and recollection by collecting additional information about each city presented in the task. Experiment 2 differed from Experiment 1 only in the recognition test phase. In addition to providing timed "yes" or "no" recognition responses to each city in the task, a modified remember-know procedure was included. In the literature, the remember-know procedure has been commonly used to differentiate items that are familiar ("known") from those that are consciously recollected ("remembered"). The procedure typically involves a study phase and test phase where participants are asked to make remember/ know judgments pertaining to items in the previous study phase. Our implementation of this design instead focuses on preexperimental memory, where participants make analogous remember/ familiar judgments about cities or countries they had heard of outside the context of the experiment. Other researchers have used similarly modified versions of the remember-know procedure (Bird, Davies, Ward, & Burgess, 2011; Trinkler, King, Doeller, & Rugg, 2009 ) and typically found universally enhanced familiarity and recollection for preexperimentally known items compared to novel items. Additionally, some previous studies considering the RH and FH have implemented similar versions of a recognition test that inquire about recognition and further knowledge from prior to the experiment (e.g., Castela, Kellen, Erdfelder, & Hilbig, 2014; Pohl, 2006) . For our version of the task, after giving an initial speeded yes/no response to obtain unadulterated response times (RTs), participants identified cities as "remembered," "familiar," or "unknown." Additionally, for cities identified as "remembered," participants provided information about how many specific contextual details they could recollect about that given city.
Regarding the relationship between retrieval fluency and familiarity/recollection, we predict that reaction times for cities identified solely as "familiar" will be longer than cities identified as "remembered." Presumably, cities identified as "familiar" are less well-known, associated with less experience in the environment, and not associated with any recollectable cue knowledge, so an effortful search through memory should persist longer in these cases in an attempt to recollect ultimately unavailable knowledge that would verify a city is legitimately extant. Cities identified as "remembered" should be associated with faster reaction times as a result of readily accessible and recollectable cue knowledge that immediately verifies their status as a U.S. city or country. Although we cannot precisely measure gradients of familiarity with the present methodology, it is also likely that "remembered" cities are in actuality more familiar than simply "familiar" cities, because they should be associated with more frequent exposure in the environment. Following this same logic, we predict that cities where participants are able to identify higher quantities of distinct remembered details will have faster reaction times than cities where participants identify lower quantities of distinct remembered details. Ideally, we would expect a continuum of reaction times, with the fastest recognized cities associated with the largest amounts of recollectable cue knowledge, and the slowest recognized cities associated with solely "familiar" judgments. This pattern of results would bolster our ERP findings from Experiment 1 as well as verify previous assumptions in the literature, such that faster recognized cities would be validated as more well-known and provide direct evidence of the availability of a recollectionbased cue that participants could be using as the basis for their population decisions, in addition to the already-established fluency cue.
Collection of additional information in the recognition test will allow for finer-grain comparison of trials in the population decision-making task. Additionally, participants' assessments of their own explicit memory for cities will provide behavioral evidence to help inform our interpretation of ERP findings from Experiment 1, and give greater insight as to which memory processes are contributing to decisions. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Method
Participants. Thirty-four new participants (11 female) ranging in age from 18 to 23 years were recruited to partake in the study. Sample size was decreased relative to Experiment 1 because all subjects received the same task order (recognition before inference) and EEG recording was not included. All participants were undergraduate students receiving course credit from the University of Colorado. All participants were informed about the procedure and gave their written consent before participating.
Materials and procedure. Each participant performed two computerized tasks similar to those in Experiment 1: a city/country recognition test first and a population inference task second. Task order was not counterbalanced because results from Experiment 1 yielded no significant effects of task order, and we wished to obtain the purest measures of preexperimental memory as possible during the recognition test. Prior to beginning, each participant completed an approximately 3-min practice session for both tasks, using nonexperimental stimuli.
For the recognition test, participants viewed the same 100 U.S. cities, 100 countries, 10 fictional cities, and 10 fictional countries. Order of city and country blocks was counterbalanced. Each trial began with a 2-s fixation cross (ϩ), followed by a single randomly selected city name on the center of the screen. On the first screen, participants were instructed to indicate with a "yes"/"no" button press whether they recognized each city from prior to the experiment, just as was done in Experiment 1. Reaction times were recorded for this first response and interpreted as the recognition speed for that given city. Key assignments remained at the bottom of the screen for the duration of the experiment, with order of key assignments counterbalanced across participants. After the first "yes"/"no" recognition response was made, the stimuli remained on the screen, but the key assignments at the bottom of the screen updated to a three-choice set: "Remember," "Familiar," or "Unknown." Participants were instructed to identify whether they could "remember" that city, described as recall of any type(s) of specific details about that city from prior to the experiment; if the city was simply "familiar," described as knowing they have heard of that city prior to the experiment, but being unable to recall any specific details; or "unknown," described as never having heard of that city before. Stimuli remained on the screen until this second response was made, and accuracy was emphasized over speed. If participants identified a city as "remembered," they were immediately prompted with the question "How many details can you recall about [city X]?" on the center of the screen. Response options appeared on the bottom of the screen, with four choices ranging from 1 to 4ϩ (4 or more), and their counterbalanced key assignments beneath them. Responses were untimed, and upon making a choice the trial ended and the next trial began. If participants instead identified a city as "familiar" or "unknown," they were immediately prompted with the question "How confident are you that [city X] is [familiar/unknown] to you?" on the center of the screen. Response options appeared below, as a set of four confidence choices ("Guess," "Minimally," "Somewhat," "Very"), with their designated counterbalanced key assignments below. Confidence judgments for "familiar"/"unknown" responses were primarily included in an attempt to equalize participant effort across all trial types.
The population inference task for Experiment 2 was nearly identical to that described in Experiment 1 (see Figure 3) . The only deviation from Experiment 1 was that participants viewed each city for 1,500 ms instead of the previous 2,000 ms, because EEG was not recorded and longer stimulus durations were not necessary.
Results and Discussion
Participants recognized on average 79 out of the 100 most populous U.S. cities, and 86 out of the 100 most populous countries. This resulted in an average of 272 FH-applicable trials, 104 RH-applicable trials, and 17 guessing trials (neither city recognized) per participant. Additionally, participants on average only claimed to recognize 1.7 of the 20 fictional cities and countries included in the recognition test, so responses were honest. The recognition validity (M ϭ .76, SD ϭ .05) and fluency validity (M ϭ .60, SD ϭ .05) were again within range of previously reported findings (Hertwig et al., 2008; Hilbig et al., 2011) , including our own Experiment 1 findings (M ϭ .76, M ϭ .59, respectively), and both were significantly greater than chancet(33) ϭ 28.7, p Ͻ .0001, g ϭ 4.82; t(33) ϭ 10.3, p Ͻ .0001, g ϭ 1.73; respectively-indicating that recognition and fluency were ecologically rational cue during RH and FH trials, respectively. The overall adherence rate for the RH (M ϭ .85, SD ϭ .10) was significantly above chance, t(33) ϭ 19.6, p Ͻ .0001, g ϭ 3.29, as was the overall adherence rate for the FH (M ϭ .62, SD ϭ .05), t(33) ϭ 14.1, p Ͻ .0001, g ϭ 2.36, indicating that participants' choices were in line with each heuristic's prediction on a majority of trials.
Multinomial processing tree analysis. Thirty-four participants resulted in an aggregate of 13,383 inference trials (see Appendix B). Similar to Experiment 1, considering the large number of trials and high statistical power for a goodness-of-fit test, the model fit the data well, G 2 (1) ϭ 3.14, p ϭ .08. Parameter estimates are displayed in Table 2 . The model-estimated recognition validity was identical to that reported in the observational statistics above (M ϭ .76), as well as a nearly identical fluency validity (M ϭ .61), thus corroborating the estimates obtained from the r-s model. According to the r-s model, participants relied on the recognition cue in isolation (r-parameter) when one city was recognized and the other was not recognized on 63% of the trials. This estimate is lower than the mean adherence rate reported above (M ϭ .85) but still indicates participants were using the RH on a majority of trials (⌬G 2 ϭ 67, p Ͻ .0001, when fixing r ϭ .50). Most important, the r-s model estimated that participants relied on retrieval fluency (recognition speed) in isolation when both cities were recognized on 21% of trials (s ϭ .21). This estimate replicates Hilbig et al.'s (2011) findings, indicating that participants only used the FH on approximately one fifth of the trials in which it could have been applied. This s-parameter estimate, which again unconfounds the contributions of retrieval fluency and further knowledge to a decision, is significantly lower than the mean FH adherence rate reported above (⌬G 2 ϭ 1713, p Ͻ .0001, when fixing s ϭ .62). So, across all participants, use of the FH as it is traditionally defined seemed quite sparse.
To test if the reported findings above hold on an individual level, we applied the r-s model to each participant's data to obtain individual parameter estimates. Results indicated that the r-s model This document is copyrighted by the American Psychological Association or one of its allied publishers.
fit 32 out of the 34 participants' data well (G 2 Ͻ 4, p Ͼ .05), with the remaining two participants obtaining a reasonable fit (G 2 Ͻ 10, p Ͼ .002). No participant had an r-parameter larger than their adherence rate, and thus the finding of reduced RH-use reported from the aggregate results appears to represent a pattern across all participants. Similarly for the FH, no participant had an s-parameter larger than their adherence rate, and furthermore no participant relied on retrieval fluency alone on greater than 38% of the trials, suggesting that all participants relied on more than just recognition speed to make choices on a majority of trials.
As was done in Experiment 1, we also fit separate r-s models to the first and fourth repetition of each stimulus to examine heuristic use across the duration of the experiment. The first-encounter trials fit the r-s model well, G 2 (1) ϭ 1.68, p ϭ .19 (see Appendix E for model category frequencies and parameter estimates), as did the fourth-encounter trials, G 2 (1) ϭ .04, p ϭ .85 (see Appendix F for model category frequencies and parameter estimates). The resulting r-parameter of .688 for first repetition trials was lower than .592 for fourth repetition trials, ⌬G 2 ϭ 10.6, p ϭ .001, when fixing r(rep1) ϭ .592, suggesting that RH use may have decreased across the duration of the experiment. This is not unreasonable, as repetition may have increased the familiarity of previously unknown stimuli within the experiment (see Schweickart & Brown, 2014) , forcing participants to rely on more knowledge-based strategies later in the experiment. The resulting s-parameters of .198 for first repetition trials and .202 for fourth repetition trials did not differ, ⌬G 2 ϭ .03, p ϭ .87, when fixing s(rep1) ϭ .202, suggesting that FH use remained consistent across the duration of Experiment 2.
Remember-know analysis. Information pertaining to a participant's perceived memory for each city and country was collected. Each city was identified as remembered, familiar, or unknown (for the first analysis we focus only on cities identified as remembered or familiar). Furthermore, each city identified as remembered was associated with a specific number of recalled details about that particular city, ranging from one to four or more. This resulted in a total of five perceived memory judgments for each city: familiar (F), remembered with one detail (R1), remembered with two details (R2), remembered with three details (R3), and remembered with four or more details (R4).
To assess the relationship between retrieval fluency and recollection, mean recognition speeds for five memory judgments were calculated (see Figure 7) . A linear mixed model was fit to the data, using perceived memory as the categorical independent variable and recognition speed as the continuous dependent variable. Reaction times were log-transformed prior to analysis. The model resulted in a significant linear effect of memory strength on recognition speed (r ϭ Ϫ.701), indicating that as perceived memory strength for a city incrementally increased, recognition speed decreased, F(1, 32.86) ϭ 80.47, p Ͻ .0001. F-statistics and p-values were obtained using the Kenward-Rogers approximation (Kenward & Roger, 1997) . This result demonstrates that retrieval fluency (i.e., recognition speed) is indeed confounded and negatively correlated with the amount of further knowledge accessible for a given city (i.e., perceived memory). It also demonstrates that cities identified more quickly are directly associated with greater knowledge or recollection and corroborates the existence of a "recollection cue" on which participants could capitalize when making population decisions.
To consider the usefulness of perceived memory and further knowledge as a potential decision cue during the inference task, we can examine trials where both cities were recognized. Figure 8 shows inference task choices for these trials for each participant. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Participants with fewer than five trials in either condition were excluded from that condition. In trials where one city was identified as remembered and the other was identified as familiar ( Figure  8A ), participants chose the remembered city as being more populous 77% of the time, significantly above chance level, t(33) ϭ 14.18, p Ͻ .0001, g ϭ 2.38. It should be noted that this number is substantially larger than the overall FH adherence rate (M ϭ .62), suggesting that perceived memory for a city is potentially a more useful decision cue than retrieval fluency (however, these two results cannot be statistically compared because they consist of the same overlapping observations). In trials where both cities were identified as "remembered" (Figure 8B ), we can restrict analysis to pairs where one city was identified as strongly remembered (three to four or more details remembered) and the other city was relatively weakly remembered (one to two details remembered). In these trials, participants chose the more strongly remembered city as being more populous 70% of the time, significantly above chance level, t(30) ϭ 9.71, p Ͻ .0001, g ϭ 1.70. This result suggests that even when specific details can be recalled for both cities within a pair, the city associated with greater recollection is typically chosen as being more populous. Furthermore, the city associated with greater recollection is also chosen as being larger more frequently than the city that was simply recognized more speedily. In order to parse out the relative contributions of recognition speed and perceived memory strength to population decisions, we adopted a mixed model approach based on the aggregate data. A memory difference variable was created for each pair of cities in the inference task by subtracting the perceived memory value of city 2 from city 1 (familiar ϭ 0, R1 ϭ 1, R2 ϭ 2, R3 ϭ 3, R4 ϭ 4), forming a 5-level categorical variable. Recognition speed difference between both cities within a pair was also computed by subtracting the recognition speed of city 2 from city 1. An initial model incorporated all trials where either city was identified as familiar or remembered (4,790 trials) and used both logtransformed recognition speed difference and categorical perceived memory difference to predict participants' decisions.
This model yielded a strong simple effect of perceived memory difference (b ϭ Ϫ.40, SE ϭ .03, p Ͻ .0001), 1 as well as a strong simple effect of recognition speed difference (b ϭ 2.28, SE ϭ .31, p Ͻ .0001). However, this model incorporates comparisons where both cities received the same perceived memory response (e.g., familiar vs. familiar), and therefore perceived memory difference is an uninformative predictor of choice. Focusing solely on trials where one city was identified as familiar and one city was identified as remembered, we fit the same mixed model. Again, there was a strong simple effect of perceived memory difference (b ϭ Ϫ.42, SE ϭ .04, p Ͻ .0001), and a slightly attenuated, though still significant simple effect of recognition speed difference (b ϭ 1.92, SE ϭ .62, p ϭ .002). These results demonstrate that both retrieval fluency and recollected knowledge (via perceived memory) play differential roles when participants are making population decisions but that perhaps perceived memory is a superior decision making cue compared to recognition speed when it is available. Returning to the multinomial processing model (r-s model), we can now look at different trial types based on perceived memory and observe their effects on supposed RH and FH use. For RH cases, we can examine "remembered" vs. "unknown" (RvU) trials and "familiar" versus "unknown" (FvU) trials. To do this, we can extract the RH tree within the r-s model, and compare only RvU and FvU observations as separate trees within a new model. This procedure is valid because trees within multinomial processing models are independent (Batchelder & Riefer, 1999) , and we have established that the model holds for our data. When comparing these two trees, it is not possible to perform a goodness-of-fit test (the new model is saturated), but this is not a problem because we have shown that the full model holds with our data. However, we cannot definitively show that the full model holds for the separation of RvU and FvU trials, thus we cannot rule out the possibility that the full model operates differently in these cases, and therefore 1 Recent research surrounding linear mixed models has warned against reporting degrees of freedom and F-statistics, due to the fact that the pivotal quantities for these tests do not have t or F-distributions (e.g., Baayen, Davidson, & Bates, 2008) . As an alternative, it is encouraged to report parameter estimates, standard errors, and p-values when sample size is large enough to justify, as it is in our sample (n ϭ 4,790). This document is copyrighted by the American Psychological Association or one of its allied publishers.
our comparison of output from these different trial types in the new model must be taken as suggestive rather than indisputable. The comparison of RvU and FvU trees within the new multinomial model estimated recognition validities of .80 and .70, respectively. This finding suggests, because the probability of the recognized city actually being more populous is higher in RvU cases (regardless of participants' choices), that relying on recognition in isolation to make a decision is simply more reliable in RvU cases. Furthermore, the new model output r-parameter estimates were .71 for RvU trials and .59 for FvU trials, indicating participants relied on mere recognition alone to make their decisions in 71% of RvU trials and 59% of FvU trials. By setting this model as a baseline model, and fixing the r-parameter to be a constant 71% for FvU trials (or alternatively setting the r-parameter to be a constant 59% for RvU trials) in a new model, we can statistically compare these two r-parameters. This comparison indicates that the r-parameter for RvU trials is significantly greater than the r-parameter for FvU trials (⌬G 2 ϭ 26.2, p Ͻ .0001; when fixing r FvU ϭ .71), implying that participants were using the RH on a greater portion of RvU trials than FvU trials.
In addition to examining different RH trial types, there are three different FH trial types that can be examined: "remembered" versus "familiar" (RvF), "remembered" vs. "remembered" (RvR), and "familiar" versus "familiar" (FvF). Just as was done with the RH, we can extract the FH tree from the r-s model and create a new model composed of three separate FH trees to accommodate the three separate trial types within one model. A unique latent parameter that is provided by the r-s model, and therefore carried over to our new model, is the knowledge validity. This estimates the probability of recollecting valid knowledge as opposed to invalid knowledge. The knowledge validities of the three trial types were estimated to be RvF, .72; RvR, .67; FvF, .60. These numbers indicate that knowledge, or recollection, was most valid for RvF trials, significantly greater than RvR trials (⌬G 2 ϭ 14.3 p Ͻ .01; when fixing b RvF ϭ .67) and FvF trials (⌬G 2 ϭ 83.8 p Ͻ .0001; when fixing b RvF ϭ .60). This finding is consistent with recollection being a more useful decision cue for RvF trials, where recollection only occurs for one city within the pair, compared to other trial types. The s-parameter estimates indicate that recognition speed was used in isolation to make population decisions on approximately 28% of RvF trials, 17% of RvR trials, and 16% of FvF trials. We can statistically compare these numbers by comparing independent trees within the new model. This comparison indicates that the retrieval fluency cue was used in isolation on a significantly larger portion of decisions for RvF trials than RvR trials (⌬G 2 ϭ 29.1 p Ͻ .0001; when fixing s RvF ϭ .174) and FvF trials (⌬G 2 ϭ 39.8 p Ͻ .0001; when fixing s RvF ϭ .156). True FH use for RvR trials and FvF trials did not significantly differ (⌬G 2 ϭ 0.43 p ϭ .51; when fixing s RvR ϭ .156). These numbers indicate that people are actually using the FH more often on RvF trials, where we also found further knowledge to be most useful based on knowledge validities, compared to RvR and FvF trials.
Another estimate we can utilize to assess use of retrieval fluency in FH decisions is the fluency validity, which outputs the proportion of trials in which the more quickly recognized city is actually more populous. The fluency validity for the three trial types was as follows: RvF, .643; RvR, .593; FvF, .562 
General Discussion
The main idea behind the recognition and fluency heuristics is that decision makers are able to capitalize on recognition (in the case of the RH), or speed of retrieval (in the case of the FH) and use this memory-based information as an isolated cue when making a decision. However, extant research has made limited progress toward connecting these decision-making heuristics to specific hypothesized memory processes. Recent years have seen these heuristics challenged from multiple angles (Bröder & Eichler, 2006; Hilbig 2010; Hilbig et al., 2011; Newell & Fernandez, 2006; Pohl, 2006, among others) , and as such a better understanding of the fundamental underlying processes could make progress toward resolving the controversy surrounding the RH and FH as realistic and practical models of comparative judgment.
In two experiments we adopted a dual-process perspective of recognition memory aimed to uncover the different memory components at play in the RH and FH. Findings from both experiments supported a role for familiarity in RH-based decisions. Conversely, both experiments supported a role for recollection in FH-based decisions, suggesting that perhaps in situations where there was not a reliable familiarity difference between cities, further memory search via recollection could provide knowledge-based cues that participants could utilize to make population decisions. Based on these results, we proposed a new theoretical framework as a decision flow chart that incorporates the RH and FH to make decisions based on a nonbinary construal of recognition memory (Figure 2 ). We briefly review findings concerning each heuristic, and then discuss the theoretical implications these findings have on the understanding of the recognition and fluency heuristics.
The Recognition Heuristic
Results of both experiments suggest that RH-based decisions could be made based solely on familiarity, ignoring any further knowledge. Experiment 2 results showed that in the absence of any knowledge for either city within a pair, the RH was still used on a majority of trials (RH use during FvU trials ϭ 59%), which supported the interpretation of significant FN400 familiarity effects observed in Experiment 1.
Closer examination of the two possible RH trial types (RvU and FvU) showed greater true RH use for RvU trials compared to FvU trials. Our theoretical stance thus far has been that familiarity processes are utilized in RH decisions in a noncompensatory fashion and that recollection plays no readily identifiable role. The r-parameter estimates reliance on recognition in isolation, without contribution from further knowledge, and thereby the finding of a greater r-parameter for RvU trials does not necessarily suggest recollection was utilized in these decisions (which would challenge the noncompensatory claim). Rather, this finding is likely attributable to familiarity. More disparate familiarities between cities in RvU trials presents a larger, more usable familiarity cue for decision makers to capitalize on. In other words, "remembered" cities should have greater familiarity than "familiar" cities, This document is copyrighted by the American Psychological Association or one of its allied publishers.
because they should be associated with more frequent exposure in one's environment. More exposure in the environment should lead to corresponding increases in familiarity, because familiarity is thought to operate on a continuum (Woodruff et al., 2006; Yonelinas, Otten, Shaw, & Rugg, 2005) . Moreover, a greater r-parameter in cases where recollection was available suggests that this corresponding knowledge was ignored and that the RH is utilized in a noncompensatory rather than a compensatory fashion. Marewski and Schooler (2011) utilized the ACT-R architecture to examine some of the same questions regarding the RH and FH. Their approach differed from ours in that the authors ranked the cities used in their experiment using environmental frequency information and used this to assess the probability of a person being in one of six "memory states." Whereas Marewski and Schooler used preexperimental environmental frequencies to predict the probability of a person being in a given memory state (and therefore which decision strategies they might select), our methodology measured which cities were unknown, familiar (merely recognized), or remembered (further knowledge available) for each participant, allowing us to examine actual decision behavior in six analogous memory conditions. For example, the RH is only applicable in two of the six memory conditions or trial types: when one city is "familiar" and the other is "unknown" (FvU trials) and when one city is "remembered" and the other is "unknown" (RvU trials). Marewski and Schooler referred to their analogous RH conditions as tartle-unrecognized pairs (tartle is a Scottish verb for merely recognizing something but having no knowledge about it), which map onto our FvU trials, and knowledge-recognized pairs, which map onto our RvU trials. Generally, they showed that recognition validities covaried with available knowledge, and thus asserted that participants could do well using the RH in both conditions, though slightly better in memory states analogous to our RvU trials. They also point to Marewski, Gaissmaier, et al.'s (2010) comparative model tests, which provided some evidence to suggest that participants do indeed rely on the RH over knowledge-based strategies in these types of memory states, which implicates a stronger role for familiarity over recollection in these trial types.
The interpretation of divergent familiarity for two items driving RH decisions is consistent with what could be expected within our proposed decision flow. More so than FH trials, RH trials typically represent cases where one city is considerably better recognized than the other. This is especially true for RvU trials, which represent the most extreme disparity in memory between two cities. Following the decision flow for these trials with a large familiarity difference between the two cities (the right path), one should be able to make a decision based on which city is more familiar a majority of the time, thus utilizing the recognition cue in isolation and abiding by the RH as it is traditionally defined. Alternatively, familiarity differences for FvU trials are relatively more homogenous. These trials, more often than RvU trials, would follow the left path with similar familiarities between two cities, and because no recollection of any kind is extant in these trials, participants would either fall back on retrieval fluency or guess. The trials most likely to follow this path would be those where the participant is unsure if a city is truly familiar, or its familiarity is very weak. Lack of a large familiarity difference between cities in these trial types coupled with the absence of any recollected knowledge would leave no direct memory-based cue participants could grasp to make decisions. Erdfelder, Küpper-Tetzel, and Mattern (2011) elaborated on a similar idea, asserting that recognition judgments could arise from two types of cognitive states: certainty states, where memory strength is strongly correlated with judgments, and uncertainty, states where judgments reflect guessing rather than differences in memory strength. Based on their results, they argued that these memory states influenced peoples' reliance on the RH, such that in situations where there was certainty for high memory strength or low memory strength (certainty for nonrecognition) for an item, people were more likely to utilize the RH. That is, when a large (presumably familiarity) difference in memory for two items exists, people could more often rely on the RH.
The recognition heuristic has traditionally embraced recognition as a binary entity and has worked to describe decisions based on this single binary cue. Although it is simplistic, this approach has been sufficient to explain behavior in a majority of cases. We emphasize that recognition is a more graded entity in reality (via familiarity), and the RH has succeeded in describing choice behavior because it happens to exploit the most extreme endpoints of this familiarity gradient. This is not so much a critique of the RH as it is an alternative understanding. Our understanding lifts the limitation of binary recognition and allows for a more diverse set of inferences to be made.
The Fluency Heuristic
The FH by definition assumes that decision makers are relying on consciously assessable recognition speeds to make choices. However, our findings suggest that recollection of alternate knowledge cues could be utilized to make population decisions and implicate a potential preference for knowledge-based strategies over the FH. Results from the r-s model indicated that participants relied on recognition speed, or retrieval fluency, in isolation to make their decisions on only approximately one-fifth of trials where it was applicable. This stark contrast to the more generous and biased FH adherence rate (M ϭ .59) lends further credence to the idea that participants were predominantly capitalizing on recollected knowledge to make their decisions, not the FH.
Experiment 1 highlighted an apparent confound between retrieval fluency and recollection: more fluently retrieved cities were also associated with greater parietal old/new effects thought to index greater recollection. In Experiment 2, we found that cities identified as simply "familiar" were associated with the slowest recognition speeds and that recognition speeds linearly decreased as participants identified greater amounts of recollectable cue knowledge for "remembered" cities. This result provided direct behavioral evidence in support of our ERP FH findings from Experiment 1, demonstrating the availability of a recollectionbased distinction between more quickly and slowly retrieved cities that participants could utilize when making population decisions. Additionally, the finding that our memory-difference variable in the mixed model accurately predicted participants' decisions provides evidence for a memory-based distinction driving decisions.
Data from Experiment 2 allowed us to further examine subtypes of FH trials using the s-parameters provided by the r-s model. The s-parameter not only provides estimates of the proportion of supposed FH decisions made based solely on recognition speed, it also assumes that decisions not made based on retrieval fluency incorporate further knowledge. In this way, the s-parameter is a direct measure of the contribution of recognition speed to decisions, and an indirect measure of the contribution of further knowledge to decisions. We examined three different FH trial types to parse out potentially differential contributions of recognition speed to decisions at different levels of subjective explicit memory. We found that the FH is utilized more often when there are large differences in subjective memory and recognition speeds between two items (see also Hertwig et al., 2008) and that more speedily recognized items are associated with greater recollection. A similar result was demonstrated by Marewski and Schooler (2011) , as their model predicted that the magnitude of reaction time differences within a pair of items correlated with the availability of knowledge, and as such, with the applicability of knowledge-based strategies. As Marewski and Schooler put it, the cognitive niches of the FH and other knowledge-based strategies overlap in situations where knowledge is available. In other words, both recollection and fluency should have the highest reliability during the same memory condition-most prominently RvF trials. Furthermore, we found that both the fluency validity and knowledge validity was highest for these trials, again mirroring the findings of Marewski and Schooler, demonstrating that trials where recognition speed best predicted population were the same trials where recollected knowledge about the given city was most valid. Marewski and Schooler argued that the accuracy of knowledge-based strategies depends more on the content retrieved than the type of noisy retrieval and time perception processes the FH relies on, and therefore people would do better to rely on knowledge-based strategies when these strategies' cognitive niches overlap with the FH. In support of this argument, the s-parameter estimated that reliance on fluency in isolation occurred on only 28% of RvF trials (where the FH is best suited to provide accurate choices), alluding to the possibility of reliance on recollection and knowledge-based strategies for the remaining 72% of trials.
To investigate this possibility, we examined RvF trials from a choice perspective and found that participants chose the "remembered" city as being more populous than the "familiar" city on 77% of trials. Additionally, in cases where one city was associated with strong recollection and the other with weak recollection, participants chose the more strongly recollected city as being more populous on 70% of the trials. Although a statistical comparison is not possible due to overlapping observations, these numbers are considerably larger than the overall FH adherence rate (62%), a biased measure to begin with, suggesting that participants followed the recollection/knowledge cues more frequently than the fluency cue.
Despite findings of a preference for knowledge-based strategies over the FH when both were applicable, Marewski and Schooler (2011) inferred from their modeling data that on tartle pairs with no available knowledge (equivalent to FvF trials in our experiment), the FH could still allow people to make inferences that were more accurate than guessing. They found that FH accordance rose up to 73% on tartle pairs when the probability of detecting a difference in recognition times between two cities was maximal, leading them to assert that people employ the FH when knowledge is not available yet both cities are recognized. However, we found no evidence to support this assertion in our data. The accordance rate for all FvF trials in Experiment 2 was 55%, much lower Marewski and Schooler's 73%, although their results show accordance rates similar to our findings when the probability of detecting a difference in recognition speeds is low. Additionally, when FvF trials were applied to Hilbig et al.'s (2011) r-s model, the s-parameter was 16%, indicating retrieval fluency was only utilized on 16% of these trials. We agree with Marewski and Schooler that theoretically the FH could help people make more accurate inferences than guessing in these situations but are more pessimistic regarding how often it is actually utilized. Our results indicate that even when knowledge is not available, people rely sparsely on the FH.
Implementing FH trials into our schematic flow chart grants us more freedom with respect to assessing the possible decision strategies chosen. The main advantage of our decision flow is it is more naturalistic, allowing varying levels of underlying memory to determine which decision strategy is chosen, as opposed to the rigidity of traditional RH and FH decisions. While any of the three FH trial types (RvF, RvR, FvF) could theoretically go down either familiarity path (large or small difference) of the decision flow in certain situations, FH trials are likely to have more similar memory strengths within a pair than RH trials because both items are necessarily recognized. Depending on how sensitive a participant is to familiarity differences between cities, a majority of trials where both cities are recognized would likely follow the small familiarity difference path. According to our decision flow, participants would then attempt to recollect any available knowledge. Recollection could favor an item in one of two ways: the amount of readily available knowledge and the content of available knowledge. The sheer existence of more knowledge about a city, regardless of its content, suggests that city is associated with greater exposure in one's environment. This alone could push decision makers to choose that city, because population is ecologically correlated with exposure in the environment (e.g., Goldstein & Gigerenzer, 2002) . Alternatively, information embedded in the content of recollected knowledge could point to one city being larger, for example if one knows that a city has a major airport or a professional basketball team. Some form of recollected knowledge would likely resolve most RvF and RvR trials, as Marewski and Schooler (2011) showed that a person will most likely be able to apply a knowledge-based strategy when comparing two items that occur very frequently in the environment. However, if knowledge did not discriminate between cities, or if it did not exist (as is the case for FvF trials), participants could apply the FH. If participants cannot discriminate a retrieval fluency difference between cities, they would then resort to guessing. More often than not, FH trials should travel down the small familiarity difference path, which relies primarily on recollection as a decision strategy.
In summary, output from the r-s model as well as choice data from trials with reliable recollection differences points to recollection being a superior decision cue to fluency. In an attempt to assess which cue was really contributing to decisions, we created a mixed model and found that both a recollection cue and fluency cue accounted for unique and substantial portions of the variance. However, after restricting analyses to trials where the two cities within a pair differed on both predictors, the simple effect of the retrieval fluency cue was attenuated and the simple effect of the recollection cue was strengthened. This result portends to a more preferable reliance on recollection when making decisions in situations where both predictors (fluency and recollection) are useful. Taken together, the present analyses suggest separate roles for recollection and retrieval fluency in decisions where the FH is This document is copyrighted by the American Psychological Association or one of its allied publishers.
applicable, although most evidence suggests that recollection is a more widely utilized cue.
Theoretical Implications for the RH and FH
When our data from both Experiment 1 and Experiment 2 were fit to Hilbig et al.'s (2011) r-s model, it returned results that closely replicated their main finding: retrieval fluency in isolation was only used in approximately one-fifth of the trials where it could be applied. In contrast, the RH accounted for a substantial portion of decisions. Such low estimates of FH use obtained by Hilbig et al. caused them to question the plausibility of the FH as a valid model of comparative judgment. If the RH and FH rely on similar underlying processes, why is the RH robustly outperforming the FH? The authors pointed to a disconnect between the recognition memory literature and fast and frugal heuristics literature in their respective interpretations of "fluency" and "recognition" in an attempt to explain the starkly different performances of each heuristic in the r-s model.
The recognition memory literature has generally assumed fluency to be experienced as a heightened sense of familiarity, which, in turn, can be used for a recognition judgment in the absence of actual recall (Jacoby & Dallas, 1981) . So, in terms of dual-process theories of memory, as Hilbig et al. (2011) pointed out, this path from fluency via subjective familiarity is typically considered the alternative route to recognition, as opposed to conscious recollection (Jacoby, 1991) . According to the recognition memory literature, Hilbig et al. argued, recognition and fluency are inherently intertwined via familiarity and would therefore exert their potential influence on decisions in unison. Alternatively, a different view is held within the fast and frugal heuristics program (e.g., Gigerenzer, 2004) . From this viewpoint, recognition and fluency are treated separately, with each forming the basic cue for the RH and FH, respectively. Furthermore, the FH is actually conditional upon recognition, such that fluency only exerts its influence on a decision if both items within a pair are recognized.
The root of the disconnect between these two bodies of research is the interpretation of recognition as binary (yes or no) in the fast and frugal heuristics perspective, and more of a continuous process (via underlying familiarity) in the recognition memory perspective. If recognition is considered as more of a continuous, nonbinary cue , comparative judgments could be performed based on this familiarity-driven cue without the need for two separate heuristics (Shah & Oppenheimer, 2008) . Hilbig et al. (2011) advocated collapsing the RH and FH into a single heuristic, because by allowing both RH and FH decisions to be made based on a continuous familiarity cue, you eliminate the need for two distinct heuristics that rely on two separate cues. Although we believe that Hilbig et al. made several valid points, our data presents certain challenges to this perspective. Although the authors initially adopt a dual-process perspective of memory, noting the relationship between familiarity and fluency, no hypotheses are put forth regarding a potential role for recollection, presumably because the presence of recollection would oppose the implied noncompensatory nature of the heuristics. By neglecting a potential impact of recollection on decisions, the authors could have been overvaluing the role of familiarity. Indeed, claiming that all decisions, regardless of whether they are categorized as RH or FH decisions, are made on the basis of an underlying familiaritydriven signal is placing a heavy burden on familiarity and assuming a high sensitivity to this signal. Is our perception of familiarity acute enough to accurately discriminate minor differences, or might other memory processes be stepping in to more reliably inform decisions?
Based on our data from the above experiments, and inherent in the decision flow we proposed in the introduction, we do not think familiarity can tell the whole story. However, much of Hilbig et al.'s (2011) account is in line with what we believe is occurring during RH-based decisions. In Experiment 1 we found that familiarity signals could accurately discriminate recognized cities from unrecognized cities. These cases are cherry-picked, by the definition of the RH, to create sizeable familiarity differences. Because a quick, relatively automatic familiarity process should be able to dissociate between these items, it is unnecessary to pursue further recollection. We did not find significant parietal old/new effect differences for RH-based decisions, so we are in agreement with Hilbig et al. that familiarity is driving population decisions in these trials.
However, our current results as well as the model-based findings reported by Marewski and Schooler (2011) lead us to posit a greater role for recollection than familiarity in traditional FH cases. Hilbig et al. (2011) suggest that the same underlying familiarity processes guiding RH decisions are guiding FH decisions, the only difference being that FH cases hinge on a smaller memory range because they are contingent upon positive amounts of recognition, and thus necessitate at least some intermediate degree of familiarity for both cities within a pair. Although the authors seemingly contend there is still exploitable information in the comparison of these intermediary familiarity signals, our ERP results provide no evidence in support of this assertion. It is possible that our ERP measurements were not sensitive enough to detect a familiarity difference during FH trials, or simply that the FN400 effects were not robust enough across all trials to dissociate the two cities. These trials were, however, associated with large parietal old/new effects, indicating greater recollection occurring for more quickly retrieved cities. Recollection allows an influx of potentially relevant knowledge that could contain valid population cues. This information is not only more telling than a coarse familiarity signal but also more valid than retrieval fluency, and it would be unwise for a decision maker to ignore this information in situations where accuracy is emphasized. Hilbig et al. (2011) concluded that once recognition becomes weighted by familiarity, it can incorporate all RH and FH trial types through the use of a single familiarity cue, and there is no need for an additional FH mechanism that emphasizes use of retrieval fluency (a secondary product of familiarity). However, it still appears that at least two different memory-based cues are being relied upon in different situations: familiarity and recollection. We argue that familiarity can act as an early, relatively effortless screening signal used to dissociate two items when the difference between the two familiarity signals is large enough to be exploited (similar to Atkinson & Juola, 1973 , 1974 . When the familiarity of two items is more homogenous, this difference cannot be reliably exploited to make a decision, and one must resort to recollection of cue knowledge that could aid in the decision. However, it is still possible that two recognized cities-one with a very weak familiarity and one with a strong familiarity-could indeed be dissociated based on familiarity. This scenario would This document is copyrighted by the American Psychological Association or one of its allied publishers.
violate the current definition of the RH but is consistent with Hilbig et al.'s (2011) perspective and could be accommodated by our decision flow as well. Once the difference between the familiarities of two items becomes indistinguishable or unreliable, decision makers can rely on the slightly more effortful recollection process to provide cues about decisions, assuming some type of recollectable knowledge is available for at least one of the items. These cases often correspond to traditional FH cases, again due to the conditional nature of the FH, which states that both items must be associated with some level of positive recognition. Once the direct memory cues (familiarity and recollection) have been exhausted, decision makers can turn to retrieval fluency, a secondary product of memory retrieval, to inform decisions more accurately than guessing. Although retrieval fluency does seem to be playing role in a minority of decisions, our findings provide evidence against a prominent role for retrieval fluency in isolation as a decision making cue, and thus cast doubt regarding the reliability of the FH as a model of comparative judgment.
Conclusions
We began this work with an impression of the RH and FH as discrete decision making mechanisms. A more careful assessment of the underlying memory processes seems to suggest a distinction based less upon the dichotomy and speed of recognition but, rather, the relative contributions of underlying memory processes. RH decisions have typically been considered to be made based on mere recognition of one item within a pair, and we have demonstrated that insofar as recognition parallels a positive underlying level of familiarity, this remains true. Because a recognized and unrecognized item will necessarily be associated with disparate levels of familiarity, the RH can capitalize on this information to make a quick, accurate decision with little effort. FH decisions, on the other hand, have typically been presumed to rely on retrieval fluency or speed of recognition to make judgments. Prior research has asserted that an underlying familiarity process also governs this retrieval fluency, upon which decisions are based. However, our research suggests that in situations in which the FH has been presumed to operate, underlying levels of familiarity for two items are often too similar to produce a reliable cue upon which to base decisions. When a reliable familiarity difference between two items is not present, we propose that decision makers turn to recollection processes to inform their choices on a majority of trials. If knowledge also does not discriminate between the two items, we assert that decision makers could then fall back retrieval fluency to inform their decisions on a minority of trials, or resort to guessing if retrieval fluency does not discriminate between the items.
Our results support the hypothesis that the RH and FH, due to their conditional natures, have seemed to capture instances where decision makers are indeed relying on different memory-based cues: familiarity during RH cases and recollection during FH cases. Recognition speed (fluency) during FH cases, however, likely plays an auxiliary role to recollection, and thus causes us to question the practicality of the FH as it is traditionally defined. We believe these types of memory-based heuristic decisions are best explained by a decision flow similar to the one proposed in Figure  2 , where the relative memory strength of two items dictates the most efficient and effective decision strategy and that the perspective of the RH and FH as discrete decision making mechanisms should be revised. Note. FH ϭ fluency heuristic; RH ϭ recognition heuristic. a This number is derived analytically from b 3 ϭ p ϫ b 1 ϩ (1 Ϫ p) ϫ b 2 and is thus reported without a standard error.
Appendix B Experiment 2: r-s Model Categories and Observed Choice Frequencies
